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Chapter 11
Cascades Ecoregion

By Daniel G. Sorenson

Ecoregion Descri ptl on The ecoregion is bounded on the west by the Klamath Moun-
tains, Willamette Valley, and Puget Lowland Ecoregions; on
The Cascades Ecoregion (Omernik, 1987; U.S. Envi- the north by the North Cascades Ecoregion; and on the east by
ronmental Protection Agency, 1997) covers approximately the Eastern Cascades Slopes and Foothills Ecoregion.
46,787 km? (18,064 mi®) in Washington, Oregon, and Califor- The Cascades Ecoregion is a forested, mountainous ecore-

nia (fig. 1). The main body of the ecoregion extends from Sno-  gion, and it contains a large amount of Cenozoic volcanic rock
qualmie Pass, Washington, in the north, to Hayden Mountain, and many active and inactive volcanoes, especially in the east

near State Highway 66 in southern Oregon. Also included in (McNab and Avers, 1994). Elevations range from near sea level

the ecoregion is a small isolated section south of Bend, Ore- at the Columbia River to 4,390 m at Mount Rainier in Washing-

gon, as well as a larger one around Mount Shasta, California. ton, with most of the ecoregion between 645 and 2,258 m. The
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Figure 1. Map of Cascades Ecoregion and ; PL ;
surrounding ecoregions, showing land-use/ (0 ___

land-cover classes from 1992 National Land Seattle

Cover Dataset (Vogelmann and others, 2001);
note that not all land-use/land-cover classes
shown in explanation may be depicted on &
map; note also that, for this “Status and ( ' e E MOUNT RAIM%TE?@
Trends of Land Change” study, transitional ' =
land-cover class was subdivided into
mechanically disturbed and nonmechanically
disturbed classes. Squares indicate locations
of 10 x 10 km sample blocks analyzed in study.
Index map shows locations of geographic
features mentioned in text. Abbreviations for
Western United States ecoregions are listed
in appendix 2. See appendix 3 for definitions of
land-use/land-cover classifications.
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west side of the ecoregion is characterized by long, steep ridges
and wide river valleys. Subalpine meadows are present at higher
elevations, and alpine glaciers have left till and outwash deposits
(McNab and Avers, 1994). Precipitation in the Cascades Ecore-
gion ranges from 1,300 to 3,800 mm, falling mostly as rain and
snow from October to June. Average annual temperatures range
from —1°C to 11°C. The length of the growing season varies from
less than 30 days to 240 days (McNab and Avers, 1994).

The dominant vegetation on the lower slopes (below
1,000 m) is Douglas-fir (Pseudotsuga menziesii) and western
hemlock (7suga heterophylla). At middle elevations (from
about 800 to 1,280 m), Pacific silver fir (4bies amabilis) and
noble fir (4bies procera) become prevalent. Lush wildflower
meadows can be found in these areas. At higher elevations,
mountain hemlock (7suga mertensiana), subalpine fir (4bies
lasiocarpa), and Engelmann spruce (Picea engelmannii) are
common. At elevations as high as 3,350 m are alpine mead-
ows that consist of huckleberry (Vaccinium L. spp.) and heath
(Erica L. spp.) fields, as well as barren areas.

The Cascades Ecoregion contains numerous state and
national forests, including the Mount Baker—Snoqualmie,
Mount Hood, Deschutes, Willamette, Umpqua, Rogue River—
Siskiyou, and Shasta—Trinity National Forests. Wilderness
areas include the Goat Rocks, Mount Adams, Mount Hood,
Mount Jefferson, Mount Thielsen, Mount Washington, Three
Sisters, and Mount Shasta Wildernesses. The ecoregion also
contains Mount Rainier and Crater Lake National Parks. Much
of the land at middle and higher elevations is held publically
in national forests, whereas private ownership (especially
by the forest industry) is more common at lower elevations
where Douglas-fir and hemlock forests dominate (Risser and
others, 2000). Land management on public lands varies from
intensive forestry, especially on the lower slopes, to protected
wilderness areas (McNab and Avers, 1994).

Before European settlement, natural disturbances, espe-
cially fire, were the dominant forces driving land-cover change
in the Cascades Ecoregion. The southern part of the ecoregion
is prone to frequent lightning-caused fires, having fire return
intervals of around 55 years (Sugihara and others, 2006). In
the north, fires are less frequent but can be more severe (Risser
and others, 2000), with fire return intervals as long as 500 years
around Mount Rainier (Agee, 1993). After European settle-
ment in the mid-1800s, forest landscapes were increasingly
influenced by anthropogenic disturbance in the form of timber
harvesting, as well as fire suppression in the early 20th century.
Replanting practices resulted in a more uniform, even-aged
forest structure and greater landscape fragmentation (Wallin
and others, 1996). Reforestation practices resulted in a sim-
plification of species composition, with Douglas-fir replacing
a variety of hardwoods and other softwoods (Alig and others,
2000). These homogenous forests often lack the large trees,
snags, downed wood, and tree-species diversity that are needed
to promote wildlife diversity (Risser and others. 2000).

The ecoregion is sparsely populated. The largest cities are
Mount Shasta, California (population 3,624), Oakridge, Oregon
(3,148), and Weed, California (2,978) (U.S. Census Bureau,

2000). With the decline of the timber industry in the Cascades
Ecoregion, most small towns that have historically relied on a
timber-based economy are now relying more on recreation and
other industries to sustain their economy (Jacklet, 2009).

Contemporary Land-Cover Change
(1973 to 2000)

Between 1973 and 2000, the areal extent of land-use/
land-cover change (area that experienced land-cover change at
least once in the 27-year study period) in the Cascades Ecore-
gion was 24.6 percent, or approximately 11,520 km? (table 1).
Compared with other western United States ecoregions, the
amount of change was high (fig. 2). Overall, an estimated
4,164 km? (8.9 percent of the total ecoregion area) changed
in one of the time periods; 5,240 km? (11.2 percent) changed

PL
CR
c I
Wv

NRK
ccv
ECSF

NC

KM
scccow
CLMP
MRK
SRB
MVFP
CRK
BLM
NBR
SCM

SN
ANMM
CLRP
MBR
SBR
WUM
g’;'; - Change in two time periods

MA Change in three time periods
ANMP
SRK

CD

Change in four
time periods

Ecoregion

EXPLANATION

Change in one time period

Change in four time periods

I I
0 10 20 30

Area, as percent of ecoregion

Figure 2. Overall spatial change in Cascades Ecoregion (C;
darker bars) compared with that of all 30 all Western United
States ecoregions (lighter bars). Each horizontal set of bars shows
proportions of ecoregion that changed during one, two, three,

or four time periods; highest level of spatial change in Cascades
Ecoregion (four time periods) labeled for clarity. See table 2 for
years covered by each time period. See appendix 2 for key to
ecoregion abbreviations.
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during two time periods; and 2,012 km? (4.3 percent) changed
during three periods. Only 468 km? (0.1 percent) changed in
all four time periods (table 1).

The average annual rate of land-cover change in the
Cascades Ecoregion was 1.7 percent (795 km?) (table 2). Aver-
age annual change for successive time periods reveals a steady
increase in rates of land-cover change over the study period for
the first three time periods and a slight decline for the last time
period. Between 1973 and 1980, the average rate of change
was 1.6 percent (749 km?), increasing to 1.8 percent (833 km?)
between 1980 and 1986. This rate continued to rise to 2.0 per-
cent (919 km?) between 1986 and 1992, then it declined to 1.4
percent (652 km?) between 1992 and 2000 (fig. 3; table 2).

Forest is the dominant land-cover class in the Cascades
Ecoregion (figs. 4,5), accounting for 82.8 percent of the ecore-
gion in 2000, followed by grassland/shrubland (5.6 percent),

mechanically disturbed (3.5 percent), and agriculture (2.1 Figure 4. Forested hillsides in Cascades Ecoregion, showing

percent) (table 3). The seven remaining land-cover classes logging roads and clearcut scars. Dominant land-cover class in

accounted for 6.0 percent of the ecoregion (table 3). Cascades Ecoregion is forest, which in 2000 made up almost 83
The leading conversion in all time periods was from percent of all land cover in ecoregion.

forest to mechanically disturbed, the result of clearcut logging
(fig. 5). Changes associated with timber harvest and forest
regeneration account for over 98 percent of all land-cover con-
versions, and they represent the top four land-cover conver-
sions in the ecoregion throughout the study period (table 4).
The timber-harvest-to-forest-regeneration process starts after
the removal of trees (that is, forest to mechanically disturbed),
after which the area is replanted with seedlings or regener-
ates naturally (mechanically disturbed to grassland/shrubland)
(fig. 6). The successional process continues as the seedlings
grow tall enough (at least 2 m) to be classified as forest (grass-
land/shrubland to forest). In some areas, forest regeneration is
rapid, and so the study’s six- to eight-year sampling interval
did not capture the grassland/shrubland successional stage,
the lack of which resulted in conversions from mechanically
disturbed directly back to forest.

Between 1973 and 1992, a net loss of forest occurred in Figure 5. Freshly clearcut hillside in Cascades Ecoregion.
every time period, resulting in a net decline in forest land of Logging, usually clearcutting, was leading driver of land-cover
approximately 10,800 km?. This trend reversed between 1992 change in Cascades Ecoregion for all time periods.
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Figure 6. Aftermath of timber harvest in Cascades Ecoregion,
showing that most of slash is removed, burnt, or buried and

then seedlings (wrapped in protective mesh) are planted. Some
states, such as Washington, have laws that prescribe how soon
to replant after tree harvesting to guard against invasive species
(Washington State Department of Natural Resources, 2001).
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Figure 7. Normalized average net change in Cascades Ecore-
gion by time period for each land-cover class. Bars above zero
axis represent net gain, whereas bars below zero represent net
loss. Note that not all land-cover classes shown in explanation
may be represented in figure. See appendix 3 for definitions of
land-use/land-cover classifications.

and 2000 with an 11,050 km? gain in forest land, suggesting
that the losses in the early years were generally replaced by
gains in the last time period (table 3; figs. 7,8). Types of land
ownership and land management influenced the changes that
occurred. Sample blocks in the Cascades Ecoregion that fell
in protected areas experienced the least amount of change,
whereas sample blocks in privately held land experienced the
greatest amount of change (fig. 9).

Several factors were involved in the decline of forest
products from the Pacific Northwest between 1992 and 2000
(fig.7; table 4). Lumber and wood-product exports from the
Pacific Northwest declined in the 1990s because their main
markets (Japan and other Asian countries) suffered economic
downturns that reduced demand for wood-based commodi-
ties. This caused an oversupply of wood products that led to a
collapse in prices and the amount of exports (Perez-Garcia and
Barr, 2005). The Pacific Northwest also faced increased com-
petition during this time from other wood-producing countries
such as Russia, Finland, Canada, and New Zealand (Daniels,
2005). A significant reason for the increase in Canadian exports
was the increased harvest rate implemented to avert fires result-
ing from trees killed by mountain pine beetle and other pests
(Perez-Garcia and Barr, 2005).
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Figure 8. Estimated cumulative change in Cascades Ecoregion
for each land-cover class between 1973 and 2000. Bars above zero
axis represent overall gain, whereas bars below zero represent
overall loss. Mechanically disturbed class experienced largest
decrease, while grassland/shrubland and forest classes had
highest gains. No change was detected for ice/snow class.
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In the 1990s, the Northwest Forest Plan (Espy and
Babbitt, 1994) was developed to protect the habitat of the
threatened Northern Spotted Owl (Strix occidentalis cau-
rina) (Daniels, 2005). Under this plan, timber harvest was
banned or reduced on 10 million of the 17 million acres a7
(40,469 of 68,797 km?) of national forests in the Pacific
Northwest. Before the Northwest Forest Plan, timber sales
from these national forests were about 4 to 5 billion board
feet per year. After 1990, sales dropped to less than a bil-
lion board feet per year (Daniels, 2005). A consequence
of the reduced harvest in national forests in the Pacific
Northwest was an increase in harvesting from privately
owned land. On public land, stand replacement after
timber harvest was 2 to 10 times more likely to occur than
stand replacement (full or partial) as a result of wildfire
(Alig and others, 2000).
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Figure 9. Federal land ownership and cumulative land-
use/land-cover change (as percent of sample-block area) 45°
from 1973 to 2000 in Cascades Ecoregion. Sample blocks

that fell on wilderness areas witnessed least amount of

change. Most sample blocks that saw highest amount of

change fell on privately held land at lower elevations. Land-
ownership data from National Atlas of the United States

(2006). See appendix 2 for abbreviations for Western United
States ecoregions.
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Table 1.

Percentage of Cascades Ecoregion land cover that

changed at least one time during study period (1973-2000) and

associated statistical error.

[Most sample pixels remained unchanged (75.4 percent), whereas 24.6 percent

changed at least once throughout study period]

Number Percent Margin Lower Upper Standard Relative
of of oferror bound  bound error error
changes ecoregion (+/-%) (%) (%) (%) (%)
1 9.0 1.7 7.4 10.7 1.1 12.6
2 11.2 1.6 9.5 12.8 1.1 10.0
3 43 0.9 34 5.2 0.6 13.9
4 0.1 0.0 0.1 0.2 0.0 18.3
Overall
spatial 24.6 3.7 20.9 28.3 2.5 10.2
change

Table 2.

periods between 1973 and 2000, and associated error at 85-percent confidence level.

[Estimates of change per period normalized to annual rate of change for each time period]

Raw estimates of change in Cascades Ecoregion land cover, computed for each of four time

Margin of Lower Upper Standard  Relative  Average
. Total change
Period (% of ecoregion) error bound bound error error rate
(+/— %) (%) (%) (%) (%) (% per year)
Estimate of change, in percent stratum
1973-1980 11.2 2.1 9.2 13.3 1.4 12.5 1.6
19801986 10.7 1.9 8.8 12.6 1.3 12.1 1.8
1986-1992 11.8 1.7 10.0 13.5 1.2 10.1 2.0
1992-2000 11.1 2.1 9.1 13.2 1.4 12.5 1.4
Estimate of change, in square kilometers
1973-1980 5,242 960 4,283 6,202 654 12.5 749
1980-1986 4,998 889 4,108 5,887 606 12.1 833
1986-1992 5,515 817 4,698 6,333 557 10.1 919
1992-2000 5214 959 4,254 6,173 653 12.5 652
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Table 3. Estimated area (and margin of error) of each land-cover class in Cascades Ecoregion, calculated five times between 1973 and
2000. See appendix 3 for definitions of land-cover classifications.

Mechanicall Grassland/ Non-
Water Developed . v Mining Barren Forest Agriculture  Wetland mechanically
disturbed Shrubland disturbed

% +/ - % +/— % +/— % +/ - % +/ - % +/— % +/ - % +/— % +/ - % +/—

Area, in percent stratum

1973 1.1 0.7 1.1 0.5 48 1.1 0.0 0.0 14 12 822 35 53 13 20 13 05 02 00 00
1980 12 0.7 12 05 46 1.0 01 0.0 14 12 813 35 64 13 20 13 05 02 00 0.0
1986 1.1 0.7 12 0.6 40 07 01 0.0 14 12 809 36 74 14 20 13 05 02 00 00
1992 1.1 07 13 06 48 08 01 0.0 14 12 805 36 638 1320 13 05 02 00 00
2000 1.1 07 14 0.6 35 1.3 01 0.1 14 12 828 3.6 56 1.2 21 1.3 05 02 00 00

Net 00 00 03 01 -14 15 00 0.0 0.1 0.0 0.6 12 03 10 01 01 00 00 00 0.0
change
Gross

0.1 01 03 0.1 106 20 00 0.0 0.1 0.1 107 19 8.0 16 01 01 00 00 00 00
change

Area, in square kilometers

1973 529 338 529 240 2254 497 21 14 641 560 38,479 1,621 2,490 603 916 601 221 94 0
1980 544 346 547 249 2,130 482 24 18 646 559 38,019 1,646 3,017 599 933 602 219 94 0
1986 527 337 570 259 1,854 341 25 18 643 560 37,828 1,667 3,465 662 949 602 220 95 0
1992 524 339 o616 277 2226 384 29 21 659 559 37,686 1,663 3,162 615 958 610 219 94 0
2000 523 340 650 287 1,620 591 @ 31 24 666 559 38,755 1,677 2,634 577 964 616 219 95 16 17

S O O O

Net -6 12 121 54 634 695 11 11 25 23 276 557 144 472 48 37 2 6 16 17
change

Gross

63 49 121 54 4956 928 11 11 40 25 4994 869 3,734 750 58 40 6 6 16 17
change
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Table 4.

Status and Trends of Land Change in the Western United States—1973 to 2000

Principal land-cover conversions in Cascades Ecoregion, showing amount of area changed (and margin of error,

calculated at 85-percent confidence level) for each conversion during each of four time periods and also during overall study
period. See appendix 3 for definitions of land-cover classifications.

[Values given for “other” class are combined totals of values for other land-cover classes not listed in that time period. Abbreviations: n/a, not applicable]

. Area Margin of  Standard Percentof  Percent of
Period From class To class changed  error error ecoregion _ all changes
(km?) (+/- km?) (km?)

1973-1980 Forest Mechanically disturbed 2,134 486 331 4.6 40.7
Mechanically disturbed ~ Grassland/Shrubland 1,412 389 265 3.0 26.9
Mechanically disturbed ~ Forest 975 263 179 2.1 18.6
Grassland/Shrubland Forest 710 196 134 1.5 13.5
Forest Agriculture 20 11 8 0.0 0.4
Other Other -9 n/a n/a 0.0 -0.2

Totals 5,242 11.2 100.0

1980-1986  Forest Mechanically disturbed 1,830 337 230 3.9 36.6
Mechanically disturbed ~ Grassland/Shrubland 1,418 363 247 3.0 28.4
Grassland/Shrubland Forest 954 217 148 2.0 19.1
Mechanically disturbed ~ Forest 716 205 139 1.5 14.3
Water Mechanically disturbed 19 24 16 0.0 0.4
Other Other 60 n/a n/a 0.1 1.2

Totals 4,998 10.7 100.0

1986-1992  Forest Mechanically disturbed 2,209 380 259 4.7 40.1
Grassland/Shrubland Forest 1,379 332 226 2.9 25.0
Mechanically disturbed ~ Grassland/Shrubland 1,078 214 146 23 19.6
Mechanically disturbed ~ Forest 745 189 129 1.6 13.5
Forest Developed 36 17 12 0.1 0.7
Other Other 68 n/a n/a 0.1 1.2

Totals 5,515 11.8 100.0

19922000 Forest Mechanically disturbed 1,613 592 403 34 30.9
Mechanically disturbed ~ Forest 1,434 348 237 3.1 27.5
Grassland/Shrubland Forest 1,315 263 179 2.8 25.2
Mechanically disturbed ~ Grassland/Shrubland 777 135 92 1.7 14.9
Forest Developed 29 14 10 0.1 0.6
Other Other 46 n/a n/a 0.1 0.9

Totals 5,214 11.1 100.0

1973-2000 Forest Mechanically disturbed 7,786 1,344 915 16.6 37.1

(overall) Mechanically disturbed ~ Grassland/Shrubland 4,686 869 592 10.0 22.3
Grassland/Shrubland Forest 4,358 775 528 9.3 20.8
Mechanically disturbed ~ Forest 3,870 820 559 8.3 18.5

Forest Developed 98 45 30 0.2 0.5

Other Other 172 n/a n/a 0.4 0.8

Totals 20,969 44.8 100.0
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